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Ma-sececuzars prediction o£ che development of all severe 
maritime storms and thair subsequent paths is of vital 


SipomeeveNg an ccastal ateas and their associated -ecrea- 
PememMidueaectaVetiecs, and to the expanding number of cil triads 
Situated cover continental shelves. The Fastnet Yacht Race 
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ieee ONLOf the oolac low. Pome GA toleeg aldose € Ake ol 


lowing cyclones have be 
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Seeoiiaot-ccalS cyclones poleward of ‘he polar front assc- 
ciated with a comma cloud pattern and a strong positive 
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(Reed, 1979: Nuitane1979) < 


wee onati=scale ae Pevewasd Of 2<h= pclas spon= Rot 
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Nected tO spitai cloud patterns (Rasnussen, 1981); 

Seeotatil-scale Clones associated with upper-level short 
waves conmenly formed southeast £ Greenland with 
Seeoud weet—-nolsthwest winds aloft (Hariey,1960); and 

Seecundcdieliy smeli-scalse cyclones that form on thea border 
ee che aes air south2ast of Greenland and can 
explosively eee cot acquiring dimensions comparablis =O 
middie fa cieud 2 extratropical Gyelones. (Mans 
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myeeeeeed | Y = 2Orecese cnly one-fourth +59 one-third of ths 
actual d2velopment. 

Pack Of Mecemciusivs evidence and conjecture as ‘+o what 
Gemetan= physical precesses ar32 involved in tne formation 


mee ese 1s Yecessary before full understanding and accuratzs 
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and th2 Small scales ever which 2xplosiva marictine 
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b= obtained. 
fees StWdyrconsticutes a portion of a broadly based 


B2oeaucn Sffeorz to better understand and predict rapid mari- 


numerical modelling approach. Beteer “ander sia.ding of "eae 
physical mechanisms and air-sea interactions involved will 


provide the basis for more credible and accurate numerical 


modelling schemes for oc@anic regions. SOS Came a ly. sicis 
mes tomecOonsSisgs cf nass and circulation (absolu~2 vorticity) 


Dmemets Of a h2gh latitude pelar low. Th2 volar low in this 


Study originates a a “weellgn ci ew prassuse sxtendang 
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Peed e@cross Iceland or 25 January 1979 and undergoes 


pericds cf explosive cyclcgenesis as 1% moves southsasterly 


toward the United Kingdom during the ansuing 72 h. as 
System is a orime example of rapid cyclogeanesis in 2 velar 
aiz stream. Fortunately, the development occurred during 
one of the First GARP Global Experinsnt (FGGE) special 


ebserving periods 2nd adequate data ar2 available for 


research. 
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Dens lating StO=M budget dlagnoszic procedures 
Ween, t375) will be used in this study for budge analyses 
This quasi-Lagrargian diagnostic (QLD) approach focuses 


Seomessiy Oh the cyclonic scale to descride quantitatively 


eae teatures of cyclone developnerc, as well as ths 
Peee-eses forcing changes in ‘the cyslonic Dae a VO 


Diesen cecnnigues incorporate <ranslationaal -sffects as the 
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Minimum of the cyclone. Dhiss asl ODas 32° p2=sSpec ive 65 the 
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cally, QLD buddaets vield quantitative evaluations of the 
exchanges of mass, circulation and angular aomentun between 
she budget volume and envirtonmene. SOUS cesS 4nd, «Saks, 
Meeecael and vez-i1cal exchanges of meteorological variables 
emo ewecaiculeated and identitisi with physical and dynamical 
processes within the volume. 

Miewoverail objective of this thesis 25 to gain insignt 
MmueOMen= Sign-ficancS and magnitude of several physical 
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e Study of the development process Se WOn etalk Y 10 
determine *he 3 teres responsibdl¢ aoe 4he 
development; and 

* Study of the usefulness of the FPSGE data for describing 
eos rapidly developing cyclone. 

Snepter Tl ewill summemez> many of tne Significant 
Bemeoarcnh efforts on polaz lows. Ao DeLeat Gescripteen end 
analysis cf the the FGGE data set utilized as a data base in 
Saeeewssidy is presented in chapter III. A comprehensive 


synoptic discussion on «the explosively dz2esening colar low 


is given in chapter IV. Chapter V provides 2 general 
irscoreesen Ce Sth= OLD technique and the budgact 2quaticns 
few nZed « Budget results are contained in Chapter VI anc 
cll and conclusions and BPaconnendac2O7S  f52. 2us2 hos 
besearch ape in Chanter VIII. 
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the North Pacific Ocean and suggested that the 


Doas Low is 
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Scie d thee Oaroclinic phenaomencn, and that 
S@rereansOs Se culled out as a possible contributing factor 


Meese Omma 20m and intensification. More recenzly, Mullen 


(1982) has documented polar air stream cyclogenesis over +13 
eee ete ine Neztth American continen<. Sinc? similar systens 


can develop over land in air mass?s with negligibi>e water 
Pomeonty ne concludes that =he necessity o£ CISK £92 polar 
low formaticn and development may be ruled out. 


Pee ceCOun’z-a pEOdlsm in apdivying baroclinic instability 


meemmescOo Pose: law EOrDmMetion 2s the short wav2length of 


“nese smali-scale cyclones. Lie le Seesch ome. Ca Song ses Of 
parseel2 nic SNeSery Co cies cihivinlopes and Hoskins, 1976), 
mee lwengtns On he order cf 3000-4000 <n at the latituds of 
England are found to have m@ximum growth sates. Observed 
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she expected 39000-4000 kn. 
At-wors WhO Claim Daroclinic instabilicy as the primary 
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fees, Duncan, 1977) or ennanced low-lev2i baroclinizy (Har- 
Beemgmearnd Brownmang, 1969). Maliien (1979) ) poemmts cuz otha 
SteOeeezcal support for baroclinic instability theory as <he 
primary mechanism is cfrered by Gall (1976) and Staley and 
Gall (1977). They have shown that basic flows with Richard- 
SOn numbers Significantly lower near the surface than «he 
Richardson number aloft can supvort gr2ater linear growth 
rates for small synootic-scala@ waves. Therefore, small 
Me @basadson SuUNDeiS, which imply either snall static stabil- 
memore =hhanced baroclinity, are therreticaily consistent 
Ween Dareclanic instapilix Sheory as aviable phvsicai 
Cid sh al peclazt low formation. 
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cessed by the European Center for Medium-rang¢ Weather Fore- 
casts (ECMWF). Specifically, analyses between 1200 GAT 25 


January 1979 ard 1200 GMT 29 January 1979 are usec to define 
the development and movement of the polar low. 
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a routine basis were gained through pilot: reports Aen eS; 
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some dropsondes, but primarily through an increased number 
Secor eo SebpoOrts in the regicn. ies Cabanecovetede fo= 26 7- 
Pompeeeliactys 1979, <the lifts span of the storm within this 
study, 1s adequate and provides a suitaple data base for 
dpplacabaon of the QLD approach. The datz coverage provided 
by the FGGE special cbserving period for the life span of 
wieomSeemmd iS presented in Figs. V, 22402. Sy  wWEicCn ere 
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Mmetlawecotlecteqd in taal tine. eRe ESA Meomidaecncrc corcrs- 


SSomeeagly itndrcated by label *a*. The Level II-b data con- 
Sere she basic wmetecrological product of <*+he Gichal 
Weather Experiment. 

The data asSimilation system used +9 produce <«he level 


TiI-r data set is a three-dimensicnal, nultiv2r: 
Pics apoleti On, and an associated automatic systsm for data 
emeeK Ling. macepos 26 2Ces for OCtimunm in=srpetacion is <9 
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The analyses are available at 15 lavels (1000 +2 10 ab) 
alGmeween € horizontal resolution of 1.875 deqrees latitudes 


longituds. The data sét conta 
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ns the basic analysis fieclds: 
height, herizental wind components ni se@a-isvel pressure 
Fields of temparature, relative humidity and vertical veloec- 
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Be, ena tne Vertical velocity rrom th? initialized winds 
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Ae. GENERAL 
ies) POlar tow in this study evolved on 26 January 1979 
from a trough cf low pressure near Iceland that was well «+o 


Bremetemcen OL Gh> polar Eront. The storm (Fig. 5) followed a 


explosive maritime cycloqenesis in a polar air stream. The 
polar low invoived in this cas2 study is similar to «those 
mentioned by Mansfield (1974), in that an initially smali- 
eeemecwecyeclon2 evclved through explosivs deepening into 4 
Cyclone with dimensions comparable eo, Middle Latitude 
SyveLlones. 
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Semeecwerlevel.S Undsr 4 relatively straight upper current, 


fpesmcucmaprpreczabls vorticity advection, and in a tegior cf 
Maximum baroclinity. Mie Vena yiac oO PeEE  COld =roudgh 
develops Simultaneously with the low-level cyclone 


Pleeragout the period. 
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Peewee Diy the nos% remarkable feacurs during the life 
m@eae os this cyclone is its rapid developnent, marcuracior 
poe dceay Within three days. Eiemeollowanig desea. pel or of 
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more salrert features and events. 
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te poor lL Le DESCUSS ION 
Peeemerteerelogical situation at 12 GMI 26 January éEcz 
ene Gastern North Atlantic Ocean and the Norwegian Sea is 


dominated by a vertically stacked low przessursa system situ- 


eee ceeve> th central Norwegian Sea. te oes Livstunatss 


Saree eve: dnrch it influences the circulation pattern. 


ee 


Pees qi2t Meximnwa extends across northern France and into 
@oeralmenusOpe and is directly associatad with ¢ polar front 
Devmengesouctneasterly into furope. Another maximun o£ 30 m/s 
Wlea 4 West-norchwestly orientation across Greenland to ths 
Pevemro angers Segquon of northwest Iceland, 1S indicated by 
Beoad Dends Cf Cirtus on the 2207 GMT 26 January imagery 
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developed in the form of a east-west oriented trough acress 


mecland. At 12 GMT 26 January there ace no clossi isobars 
and the pressure Minimum of 1011 mb is locat2a in the 
Beanark Strait. Rit nough, the Nat wonal We tereicgicsl Center 
(mae y and Filset Nunerical Oceanographic Center (FNOC) analy- 


ses at 12 GMT 26 January 1979 indicates 


iJ 


ST esen sak svyoten co 
mime west Of Iceland, the gradient of the thickness values in 


megamoG indicates a2 strong baroclinic zon=2. veg es oto 
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> 
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may be raised whether the trough of the polar lew differs 


rundamentai respects from @a@ front as meationed by Reed 
era's). Low~level streamlines Suggest that this low-level 


Pewecetinzac Zone iS the intersection of very cold Arctic air 
SupoeeacsOss the ice edge with the polar @ir mass behind ths 
Seon. SNterinag Europe. GLOUG| "Saeescaus 2 aie ig.. 7 -Suubece: 
*his interpretation as coid drv air flows southward from the 
ome mand 1ce GCap and Davis Strait and swaris cyclonically 
peGtndekas Farvel incec the northern North Arclantic Océan and 


Dengazk Strait regicn. 
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he southern Greenland icé cap appears as the only dis- 


pw 


singuishable landmark in Fig. ee Iceland lies under 
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meee VerCaSt With convective activity occurring <o 


1 
mM 


east. PreSecOnv ccc i VS aGcivity Gast of Tesland is éspic-33 
Pyeeee Dn Oad Dand OF the cold white tops sf cumuloninbus. 
Additionally, cherae exists 2 strong ssa-surface tinnera- 


ture (SST) gradient off the southeastern coast of Greenland, 


as can b@ seen in Fig. 8. Patterssen at al. (1962) suggest 
these regions of strong SST gradien= are preferred areas for 
Maritime cyclogenesis, and this has been sSsupperted by tha 


scudy of Sanders and Gyakun (1980). 
Peer mld =roposphene, 12 rorth-south criented trough 
extends over the United Kingdom. Typical absolute vorticiczy 
BaeceLns assocsated with this flow are dapicted in Fig. 6b. 
OP eet 


feImweweseny 1s @e@ Small pertubbation in tha 12 xX 10 S 
y 


ieaemenn=diately to the scuthwest of Iceland. Although 1it- 


Mmeemesig@.ticance can be drawn from <his perturbation at this 
Bie ots importansc]e will becom] mors apparent as the middle 
Mmeepeeonete Continues to adjust <5 chaages in low-level 


PoNpesssuce advection. 

Tre deepening cyclone at 00 GMT 27 January 1979 has a 
SLP minimum of 1000 mb, which is @ decreas? of approximately 
11 &b during the preceding 12 h. Satellite imagery az 0124 


Siemon danuary (Fig. 9) illustrates a dramatic development 
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eeomecyclone Structure during the 3.5 h since the previcus 


imagery. Pyerotte CIECUlat, ON 925 AOW D5s= SvVeerc +o +s 
Bemsteawest Of Ixrsiand. Convccimve aAcC=avity 2s widespread 


Geet@ranthe Sys-c2m, esp2scially in th2 north chrough south-asxz 
sector. Cirrus streaks continue to indicate the oresence cof 
high speed winds over the Greenland ice cap, however, tne 


pameeeec rection has shiftsd to northwesterly. 


tr 


Pomc Gur 27 J2nuary (Fig. 102), a detached axtsnsicn ¢ 
She upper-level wind maximum lias directly over the surfaca 
position of zhe developing low, which has tracked southsasct- 
1 


Seiveecommns SCWen SI ITsceland. The cold 2ivectica previou 
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if 


bn 
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gr the Greenland ice cap has translated eastward and has 


PmeensLiiled. The tightyly packed thickness Lines and isc- 
Demomass USatiy perpendicular (Fig. 10c), and reflects <zhis 


Become ondl “eeld advecticen southward through the Denmark 
SFL aoe, Waza advection to th2 e2asz of the develovning 
cycicn? is comparatively weak. 

Mere Whiaddle troposphere (Fig. 10b), Sse jie. teoagde 
emamyeges 2S noticable in the 500 m5 contcur pattarn. Tn 


y 


respense to the strong cold advection in “the lower lavels, 
waoleertg) 25 new OcCCcUutrTing in the 500 mb pattern near 


Iceland. Maes se2lf-amplificaticn has produced greater 
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ewevdeaze in the flow with corsesponding vorticity advec- 


changes. A small maximun of 18 X 10° = now liss over zhs 
Sogiueem@esteSrn tip of Iceland with the 12 xX 107° EE. 
extending well south of Kap Farvel. 


Seseltite imagery at 0544 GMT and 1943 SM@ 27 January ina 


Pega and 12, respecgively, illustrate <+th2 continued 
SapidG development of the surface system and its southeast- 
erly track towards Ireland. The system at 12 GMT 27 January 


1979 has a central pressure of 985 mb, which is 2 décreass 
Seeevemmo Guring the previous 12 h, and a decrease of 26 mab 
Gmoengecne prevacus 24 h. Convective activity has coatinuei 


momenesease if area and in vigor with very broad continuous 
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Beme@ee of ~ Cumulonigaous throughout the 2astern +k 
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SYSTEN. The northerly flow across Iceland has dynamicaily 
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mydiiG@ed 2 Clearing along the sduth coast. 
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~level wind maxinum (Fig. 13a) OW 


(i) 


SOE a etre OM Gaesnliand well into the North Atlantic with 
meomiepes  Sitiat=d to the west of the strong polar low. This 


n surface syst2m and upper level wind maxi- 
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alignment béetwe 

Wameewrit pDrovade significant divergence aloft and wiil con- 

Spite se +O 8 kUDe hee dsapening of the cyclone. Ties Ss oseng 
O. 


upper level cyclone persists near 65 oi ana ee Wa She 


crwegian Sea. 
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Mee ne LOwer tropesphere (Fig. VS2 tw oveeeyresic. 950 Cord 
momwect- On CONMtinues to the west cf the polar low 2s tkick- 


ness lines have been deformed well +o tha south of their 


w + -— a 


t te 
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Mere! Jatizudes at 12 GMT 26 January. damm advection to 
“he east cf *he cyclone remains relatively weak. 

The interaction between the strong low-level advection 
processes and <he consequent respcnse of the middle trope- 
emome 7S sililustrated in Fig. 13b. The self-ampiification 
process iS moSt apoarent now, and is markedly reflected by 
the continued amplification of the northeast-scuthwest cri- 


eee ad ctaOUgGh scuth of Ice 


iD 


tand and Sy the eotsequer: 


Beeewoom=ent Of asidnificant absolut3> vyorticit maximum 
Veeecane tne trough. This newly gereratei vorticity naxinua, 


melee tec Luamediatcly to the northwest of the surface pssiticn 


powerful maritime cyclone now blankets amost of Ireland and 


AOreuwes= Scotland. By O00 GNT 28 January 1979 (Fig. 5c), 
*he polar icw is very near maximum intensity with a central 


Peessu==mrOoo 975 GD, and is Situated ispmesdzately tc the 
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RorerecsS: Of Ireland. Ceca Se MCaenet ship bane, Sia2io 


nd 
ete 7 - 2— o 3 ‘mat autical a! 
near wommeand 20.4~W, Or approximately 400 cantaes1 niles 
south of Iceland, is reporting heavy snow showers 2cconpa- 
meecaeeeoy 21.5 8/S of wird and 7-m seas. Phe  Memaner's 
Weather Leg (July,1979 issue) states that two shiscs, the 


Mesomessidghter and the €.P. Discoverer, reported 10- to 11-n 
Seeiemese he vicinity cf 525N and 16°", 

Although the storm is néar peak intensity, “he upper- 
eagpespneric flow SIqg ests ends fuSthes Géepening is 
unlikely and decay processes are inminene. Peeve Cay 
Maximum at 500 mb (Fig. 155) has almost overtaken ths polar 


Dome tt enhS SaStetn portion cf the absoluce vorticity max= 
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sme DOW Coincident with the surface systésa 
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Sametla-2 imagery at 1025 GMT 28 January 1979 (Fiq. 16) 


reveals that the canter has now become somewnat disorqanized 
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ed aioe bands of convective éctivity to the 2ast havea 
become less pronounced. BYwl2eciie7S Januecy 1979, che 
polez low's central pressures has been steady at 976 nb 


duting the previcus 12 h. Upper-level syclogenesis at hetn 


sane 500 mb and 250 mb levels has occurred and the system is 


i-j 


Powevesce 2 Gally stacked, as shown in Fig. 1/7. he absolute 
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Pom messy Maxinum at 500 mb is new coincidant with <te sur- 
Bue-mEpos tion CE the polar dow. Numerous sSuztac= obsezva- 
mre moeea the United Kingdom still repor= showe> activi+y. 


During the ersuing 12 h, the polar 
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3 mb tc a central pressur 


January 1979 (Fi 13)% The ste 
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stecked. Satellite imagery at 0048 G4 


fergem 19) illustrates that the 


at a rapid pace. PiohaitStiec,. VvEgor ou 


htop before is now extremely iiscrganizs 


broken into three weak vortic along th 


2s 
the United Kingdon. 


Still evident around the low, the convs 


subdued considerably. 


fee peoba> Dew continued to drift 
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(meeeed Aingdom by 12 GMT 29 January 1979 
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The disSipating cyclome wiit 


This short-lived, aoncs 


eventually dissivates entirely over tn2 
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Although numerous cumulonimbus tops 
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on NUMERICAL WEATHER PREDICTION PERFORMANCS 


* 


Numerical prediction models at NMC and FNOC performed 


Peoery 2m £he prediction of this storm's SLP evclutiss. The 


(b 


Poadtdacy of the FNOC 36 h SLP forecasts to predicts the min- 
emum SLP of the rapidly deepering polar low is illustrated 
myer agd, 21. Although a de2paning rate is appazens: in the 
consecutive forecasts, the magnitude of the deapening was 
Moe preatcred. Additionally, the modei failed zo forecast a 


Sipesead Circulation until 00 GMT 29 January, two days ai; 
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closed SLP ischars were analyz24i from FGSE data. 


Peemougiea  complere set of NMC 35-h Surfacz pressure 


th 
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casts is unavailable, those prognoses valid at 12 GMT 26 


Wa ouary, ieeeG i 2 eesganuesy ena ~OOPGNT 29  Januazy retlect 


Seagace ONS. Por @axamole, che NMC 36-h surface prognosis 


me 


woesawas 12 GMT 27 January forecast a trough of Icw pressure 
Meeecomeonciana and frelend with pressures varying from 
1002-1006 mb. However, the observed centrai pressure had 
meaompcamsto 935 mb and the storm had attained 2 strong 


eyeeousc Cizculation. 
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One explanation for these differences may be 
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different objective analysis and initialization schen 
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employed by NMC and FNOC are significantly 


J 4 


emen2macial fields obtained thzdugh optinun int 


BPemnts Only subtle differences in the carntral 
Found bexween FGGE, FNOC and NMC analyses of 


These slight differences disclain 


OF 


iale< sof inte se! Suttace data is 


hu Meelea pre atcrs oa. 
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The foremost objective of the quasi-Lagrangian technique 


feb iS =h= gquertitative evaluation of important ohysical 
processes involved in extratropical cyclogenesis. Budgets 
of basic physical parameters such aS mass, absolute 


VOCticity (circulation), angular meomentun and various energ 


we) 


moeme can be Computed within 2 specific atmospheric volume. 


This budget volume is translated with a distinguishable fea- 


ture of «he system, usually the SLP mininoua. tnas 2ecourss 
Boereceansiationel effects in the lateral <tranrsoor= and 
Seve Gtson Of Migratory extratropical cyclones. Addition- 
ey, vertical redistributions of «he basic opartameters 


Wika che opudge+ volume as the result of vertical transport 


vrocess2s can be assessed. These inherent fsatures estab- 
[eect ch= OLD ‘technique as aviable aportoach 9 23valuacte 
cyclones development. By Come sccm King ana» baker €19: 75} 


2yainvated the effects of migratcry Synoptic-scal? systeans 
Betwatiee tC a Lixed volume only. 
The basic framework and equations for the QLD approach 


were developed at the University cf Wisconsin by Professor 
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Doneid R 
(1975a) 


approach 


use of storm angulac 


giv2 sp 
mOmentua 
ad 
developa 


studies 
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sure lev 


PaeeCesSs-2 


Thea 


taole if 
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: Johnsoa ard his students. JOyOSoA wand Dowses7 
provide an overview of the generalized budge+ 
s YOonnSOn end Downey (1975b) show <he dercinizcion and 


monentum; and Johnson and Downtv (1976) 


ecific cyclone applications of mass and argula 
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budgets. These techniques hav? proven to be 2 us 
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Ba CeevtOus Seudiss On extlatsop cal cycioas 
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ant. mastic Ih prcspnes “<.chronclogi cel Avs 27g > 
employing the QLD approach. 
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budget volume is defin by the ten nandastory ores- 


els in the vertical and by a variable GsSsea eas 
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generalizel budget equation, wea 
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ZL, celates the time rate of changs 
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moele-eral transport, Vo Gomeati FeavepleeemOs sources and 
mares OL th> property Within the voluna. Budge-s 96 the 
Bae2e Physical parameters such as mass and csiztculetion 


(vorticity) fellcew from the generalized budget equa 
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om 
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sented in Tables TV and V¥V. 
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Following conservation of mass ther? are no sources or 
sinks of mass within the mass budget. The nass budge equa- 
Peeomeaitectly relates the mass tendency ({dWsdz) +> che sun 


Mha 
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Beetne Lateral traasport and vertical transporz <= 
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lateral transport term represents the mass convergence/div- 
ergence and may be considered the primary forcing «erm to be 
Saaiuatsd wscthin the mass budget. The mass szendency can be 
directly ccmputed since it is dependent only on che 


pressures tendency, S2niee” the... "Or 


uv 


ssur2 at the too of the 


budget volum2 remains fixed. Onc2 thes 
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the vertical mass transport is d¢terminei from thea imbalance 
between the mass teand2acy and the laterai transport terms. 

A computational residual =+xists dus *o obsetvatrional, 
Mmiumieet2os2 and int2rpolation errors. Pas primaty source for 
Bememmconoites*Onal residual can be disactiy avtcributed <o 


Someta oy CC Compute ascuravely tS net laceral mass 
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applied to individual layer residuals. ee 


Laeges> ec=rec- 
meted 2 appl=ed in the upper troposphere where wind cbser- 
Vaticns are «he least accurats. This procedure oroduces a 


S@eteecteed Lateral nass transport field caliled she corrects 
mass flux. 
The QLD vorticity budget equation, presented in fable Vv, 


Section A, relates the time rate of ch 


an gemeon VOrrt cic 
Seeeeieey tO iitlaretral and vertical txranspori<s, sources and 
Sinks. Pree wouage: f£Ormudation begins with the ceiculation 


q 
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oo 2 
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Sewensolute vorticity values at @ach grid point witha: 


budget volume. Stokes tnesrem is then amnployei +9 relate 
mimemoet=a—integqrated verticity to circulation. Thes2 calcu- 
ie enrs Combined wit Vecrenwid ort. 2S wise Used “~o Dart. = 


een@mcnh]e cranspor= terms into ad 


< 
iD 


chive and divergence 


Someoren:s, 2s presented in Table V, section B. To complete 


miele t clty budcs= equation, a souce/sink *erm is incorvo- 
meer) Lec0resens the nex generation/iissipation of 2Dso0- 


Mieemyortacszty Within che budget volume due to divergencs, 


mmirtiadeand £ric=i9on t2tms. 
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MaeweranstOn. cerms of the vorticity budget equation are 
also partitioned into mean and e2ddy modes (Tabis VI). Tae 


ear wmods crefiects the transport of absolutes vorticity oy 
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Changes 


CaBcuU lations. 


eno Meds iss cee ad be 2 SSoci- 
DieeDsomisss VOutICity due =o syropvtic 
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Conversely, 
Nome er cy Dy OD ltdsi lye the 
CO Semel l ances 
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VI. MASS BUDGET AND STABILITY ANALYSES 
A. Gass BUDGET 
Quasi:-Lagrangian diagnostic mass budget analys2s were 
@eeeella 2=C 27 12h increments using FGGS dasa fields frem 12 
Seeeeco Jante y and through 12 GMT 29 January. These tina 


pericds span the development, maturatica and decay stages cf 
mueewebds Low, as described in chaptar [V¥V. Tine sacticns cf 
@oa2ee--d Mass flux and area-avetaged omega, r2presenting 
Oeemnerezontal and vertical mass transport, <crespectively, 
Set be Examined in detail in tha following subsections. 
Memeo iy, the OLD produced vertical notion f2elds will 


be ccemoared tc those produced via the 


S22 ece we analysis srtocedure. 
1. Eorizont2) Nass Transport 

Mem= Secctons sf the corrected nass flu 
Maguememnoc:zontel mass transport for radius fe 
Beem tessoneed in Fig. 23. Ordinate Labals indic 
tral pressur2 lével for which Layer mass flux 
Wer2 vperierned. For example, the 925 nb isve 
the surface *o 850 ab layer. The labslad tims 
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Kinematic meencd ana 


hee =e = = 
UD 23h [Gone 
ate the cen- 


computations 
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feeweassh the Sane manner. For Sxanpl4, che 2718 sine vceriseé 
Bepeccetezs =he 12 GST 27 January through 00 GMT 2&8 Januarez 


memo frame. 
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Wewomlayoct ClECUlet 1 On pattera sas tradcius 


wemetse=a2.Sd in Fiq. 23a, With a broad layer of outfiow over- 


ieemg a Telatively shallew layszr of inflow <hronghsut the 


% 


Storm analysis period. mac Mew CKRESS, OL “Sane . Conv engeme 


layer decreases in v 


‘D 


mel ecat go=x colt Gusting ete Seriy Tine 
Be=2,0d0s through 2706 GMT. Ale-tectas fin] pe 1Od mie Gep eh 


of this layer increase 


‘ON 


2s the poiar l95w approach2s natur- 
Meyes) fy ~he 2818 GMT tine interval, ths leval of non-diver- 


gence (LND) has imereased +9 @ Maximum height at 450 mb. 
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Bayend this time psriod the LND gradually iswers 
pace an tlow maximagm is seen at 925 mb bstween the 27929 xo 


2896 time intervals. This strong low-level convergence cor- 
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bed 
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relates weil tc the period of capid development as 


eo 
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Memponapter IV. AS associated upper-level naximum outtlow 


muemoooe mb level occurs between 27/18 to 2606 time intervals. 


sv 


Dae lew-level convergence at radius four is quize shallow 
COBMared to the larger vertical extent sf the upper ievsi 
divergence. HOwev2=, the Magnitua> of the mass flux in the 
Somaesgemce layer. iS much stronger chan <ns mV ST Genes 


boueeas Tequdired for sonservation of 24SS. 
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iilemierizontal »Cenyecgence and divesgence patke=ns 
peerecdius cigh= 422 illustrated in Fig. 23b. Tae basie 


magereayer Ci=culation pattern observed 3a* radius four is roc 


seen at this radial distance until later time periois. Thi 


iN 


meomeeric=ecatavs of the initial small horizontal scale cof 


cl 
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polar low, and the areal expansion of the system in 
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F3 


= 
1me. 


The early time periods are influenc2i by the aijacent 


rt, 


secacyclone circulations, but not by the polar low. A 


+ 
Lao 


the 2718 interval, low-level convergenc3s incr2ases apprscia- 


Diy and acquires naximum strength just after <the 2818 tine 
mye rval. A distinct upper-level divergeace pattern davel- 


ops 24% h in advance of the distinguishable low-Level 
CONnvergence pattern. 
Ancther perspective of th2 daveslopment and areal 


eae on Of the polar Low in time can b 


ib 


seen in the spa- 


J 


mic Meat iatzOns Of the horizontal mass flux @2thin che voi- 
ume. At 00 GMT 27 January (Fig. 24a) a shailow well-defined 
region of low-level convergence is centered az tne 925 mb 
level and extends horizontally to radius nine. ADSVEe thas 
G@emegesgence layer, and beycend radius hine in the horizontal, 
divergence dceminat¢es. A very strong divergence (sutflow) 


maximum exists between radius 11 and 12 near 600 ob. 
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Pierce period trom 00 GMT co 12 GMT 27 Jzruary, 
‘wen ce:*ral pressurs of the ooler low idiroos at a rate of 
Seca =s> than 3 nb/h. By (2 “GMT 27 January, che inflow oc 
convergence region (Fig. 24b) has becom2 more compact. The 
radial extent of the convergence region has reduced ‘fron 
radius nine to eicht and the vertical extent has shrunk from 
mea mb =o 750 mb. StSORGsd2VerqgercS coatinucs 22 che outer 
meee rrom the Surface to 500 mab, anda distinct maxinun hase 


develcped at radius five near the 350 mb level. 


By 00 GMT 28 January, +he system is near maturity. 
moewieclow region has grown rapidly (Fig. 25a) in both the 
f= Gel and herizontal. A secondary maximum centered near 
“he 800 ob level at radius ‘five has formed. Th2 LND has 


Pmieeeese tO 450 mb, which :s some 309 nb higher than 12h 


zarlier. The divergence at the outer radii nas diminished 
miueabea ana magqnitade, however, the divergence maximum cen- 
S=coee neat 350 mb has intensified. Bylot eso danlcaay~ 
maeeepoOnar icw is fully mature, ard a basic two-layer 
SenecimetucGn pattem is seen in Fig. 25b. 
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Zo) Nereical Mass Iransvort 


Area-averaged vertical motion (221ega) fields 


th 
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Memoer 26 Jaruaty *o 12 GMT 29 January p2riod are pr 


i 
“ 
iJ 
¢t 
iD 
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meersgs,. 26-28. These vertical motion fields are a direct 
sesporse <~o «~he strong lateral mass transports in the lower 
and upper troposphere as described ir the previcus saction. 
Migemarea—-evertacgec omega fields in Fig. 26 are darived fron 


Conservation ot mass with boundary conditions of zero verti- 


j 


Galemocrion az the surface and at <+he top of the volume (109 
mb). The kinematic method is used t5 produce =he areée- 
averaged omega fields illustrated in Fig. 27 and the ECMWP 


@€nalysis aresa-averaged oméegas fields are presentsd in Fig. 


2 Although produced by different methods, the basic pat- 
Memieomoresewecd 2h hess figures at both the inner and outer 


radii are remarkably simiiar. All figures dépict a deep 
eeregmmmzea layer Cf Upward vertical motion at che inner raait 


in 


piemmggetescie@ airalysSis period, and amnuch weaker anda les 
SeG@eamazea pattern at cuter radii. 

The maximum upward vertical motion at the inner 
BGeSmmOccUurS if cach m=ethoi in th= 142 GHNT 27 January 
through 00 GMT 28 January time frame. There ars, however, 


notable differences in the heights of ~hes® maxima and «he 
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Mepem Or the Obganized leyer of upward vertical motion a- 
eas2 thnaer radius. The QLD produced area-averaged omega 
meena (3g. 26) indicates a vertical velocity Waxinun near 
490 mb. The ECMWF omegas (Fig. 28) have the var-icsl veloc- 
ity maximum centered at 500 mb, whereas the kinematic onega 
(F2gqg. 27) maximum is in the 700 to 500 nub layer. The top of 
upward motion region calculated by the mass budget nethod 


(eege) 26) 2xtends considerably higher than fer the other 


methods, anc reaches the tcp cf the budgst volume by *he ered 


1 


ee the aralysis period. 
Pee MUCh Weaxe> and less otganiz2d vertical motion 


Meecean 2S ObServed within radius Sight in Figs. 26b, 27b 


and 28b. The ECMWF vertical velocities are the weakest of 
eee OMegae fields 2t ‘this radius. The OLD anc kinematic 
avtea-averaged cmegqz <tields reveal Apap OmeG ao!) CO wiwerd 


Q) 
W 
t fe 


Vv 


§) 


Lally dent in the kinematic fields. Pepe ne satly “206 


() 


ceriods strong subsidence in the niddl2 troposph 


eodmweA wecne cold air advection to the west of the 2svelor- 


migempolat Jow is creatin Secomplen Spat 2ern =n cthe 
area-averaged cmega field. This pattera represents the con- 
Demedg intluences of the polar low end =he followin 
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ec iGyclone. ines |COMPLoxwpaet ern chaajes Siarisicap 
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the system uncergses horizontal expansion in ¢i 
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Inner orocesses associated with cyclogenesis becon2e dcminant 


aa the larger volune. 


B. Seep lLivyY ANALYSIS 


(D 


t/ 


As described in chapter IV, cold dry ais flows south ané 


SQutheast across the sreenlard ice cap and over the rela- 
fSively warm waters of the eastern North Atlantic Iceean and 


Donmask Strait during the sarly development sof the polar 


lew. Saetacs ObSsrvaeions from Prince Chriszian Scund and 
Tingmiarmuit, located in extreme south and southe2stern 
Greerland, szeéspectively, quantitatively raflect the atnos- 
Baeaec DPLrOLerties Of this air mass. Az eter ort oO WeEtery, 
D ps : tee © O : 
Pereeee Christian Sdund 1S reporting temparatures 3f -3 C, a 
. , Oo , ee | oe 
Pecan O= —6 C and west-norchwest wirds at 9 m/s. Sion 


Poco tapotdesntus® reports are -4%, =-10 C and wesc-nsrineest 


winds at 5 m/s. S 


(vb 


a-surface temveratureas (SSI) ptovided in 
mao Tdacats what the air masS 1S Eranslating cover SSTs 
of approximacely 4 to 6%. This corresponds to a difference 


* 7 . —~ ® O = 
between the air and ccean temperatures of 8 to 10 “2 (14 to 


49 





This cbserved air-sea temperatures and the subsequen- 
MemeescmenhcchsSit2Cation 5£ ‘the polar low are consister- with 
Pyke (1965), who suqgests RMAt VSCY 9262 ens]e ocsanic 
cyclogenesis occurs near ice-ssa boundaries where «he plane- 
mmeyemounGesy layer is far from aquilibriunm with ccsan sur- 


mye = COndsticns. Alenowdiwenic “MDeganc= Occurs, £5 


ry 


quently 


ks ov 


ry) 
iD 


Meeeng cold air cutbre Eo the sastern (cera Atlantic 


Meee, the rapid intensification of ooslar lows is quite 
motrequent. Moma Merit ener Unsighe. On the roie of Static 


meee ty 2" the formaticen of the polar low, th2 tempcral 


Variations in static stability are examined and comparad tic 
shose cbtained from other studies. Aa Orra ky, area- 


averaged potential temperatures fields aad their temperal 


Maebiescsaons will be analyzed. 


aT a onmicmmemesctatec Stabe latyemacse Gieccily propoz- 
Wee hero tne change in petantial temperatures between pres- 


sure levels. Fellowima Sandgechs (19151), <th= <s:emporal 
Mareatsons in static stability are obtained by simply sub- 
Pactereug the 10008mwb potential temperaturs from that at 500 
mb and dividing by th2 pressure difference. The computed 


mepneecerve aes 2 Stability index, with higher values 
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mer ecetaag higher Valwes 200 F aig. 


duced utilizing QLD area-averaged ial 


poten 
Badia four amd eight. 


mec2estetelizing trend of <he 


1000-500 mb 


immediately noticable in Fig. 29 f8en 12 %enT 


ereouga OO GT 29 January. This trend spans the 


<he 


cf 
}4- 


i 


a 


}- 


and mature stages of polar low. The ina 


decreases are? approximately 0.3 oe per 100 mb 


th 


~Oa 


Januar momuCe=GhMr 2/7 January, AS 0g (Water 


s)) 


circulation e2volived. This decreas a 


142 


eycilcnic 
prior to rapid deepening is 


eeenomoy Sendgathe (1981), but is lass zhan 


2nitial decrease found by Roman (1981) in 


Ore h ident's Dav storn. 


ee < 
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PieeCa tacts oes) 
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th 


memere Océen cyclone, Mee cial desta biiteza = sen 


pr2senz oricr to maximum déevening. Sat 6 


Of these three studies were considerably 

Ma- eWolutaor of the stcrms compared t5 the stab 
Bie polaz Tew. Pore SXamMelc, M1 nimun Stabe sey in 
and 4.4 °K per 100 mb were computed for the Presi 


StOrm and the west2rn Pacific Océan cyclone, 


The maximum observed stability ind2x for th 
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respectively. 


polar low was 





4.8 OK EoewUVeMor OCCULT Ing. prior +6 


at 


eo eee Geet eho la = 


(p 


zation, and the minimum value was 2.1 OK per 100 mb. 


The very low stability indices from 00 GMT 28 Janu- 


eevee chn-OugGm 00 GMT 29 Januery were explored furtners using a 
skew T, log P diagram. The arsa-averagsi potential tenpera-~ 


sure at 1000 mb at radius four at 12 G4 28 January is 277 
mee AcGda@ J3onaliy, analysis of FSGE moisture fields indicates 


Memeersacitac: On in the lower tropospher2s. Lifting this paz- 
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y yields a temperature at 500 mb which 
Pem0.? OK higher than if the parcel is lifted dry ediabati-~ 
Cally. Ths Wolst adiabatic precess corresponds ts 4 sta- 
peer tey index of 2. 1 or per 100 mb, whereas the observed 
stability index was 2.4. A+ 00 GMT 29 Jaéauary 2 stability 
Picexeor 2.3 1s obtained based on a moist adiabatic precess 


compared to an observed value of 2.1 eK per 100mb. This 


1+ 


Suggests that lapse es approach moist adiabatic at 12 GMT 


r{ 


a 
SEewoariasy and a@ctually becom conditidnaily stable by 00 
[met 29 January. 

At 00 GMT 29 January, the system hés moved over 
Mectemern Ereland with a large portion of the buddce* volume 
Byer) fad. Astaro stavale .y tnerease of 1.2 en per 100 mb 


meonowwmern Fageeez9 fromeg0 GM? 29 to 12 GET 29 January. 
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Mepeecerm’ S landfall and consequent sharon rise ir Soe Oe ey 





Memeessocitatead with a period of very rapid decay, as 
meecribed in chapter IV. 
2- Potsnzial Tanosrature 
he Seempists the Stability analysis, Ole= 9 oGNsss 
alrsa-aver2gsd potential temperature fields were eaxamined. 
Meegee 20 )©6ctL Ltustrates the tamooral variations ia ootarn-ial 
Sempetatusces at radius four and eight. Peo Ge Seve ses Ob Oozn 


meomemmes send Cicer ralius show cooling in the lower trope- 
eepere gaizing the development stag2 of the cyclone. This 


cooling is alsc apparent in the middle troposphere, esps- 


meeevea: the inner radius. This incursion of cold aiz into 
the pudge*t volumes correlates w3ll with cha strong low-level 
Ssmoeracture advecticn precess2s descrid2d ain cnapter IV. 


Meee=ei2 GMT 27 January, warming is observed in the lower 
mEOovOosphere. This warming of the lower troposphere is a 
eee eing erfect, and results from significant sensible 
heat transfer from the ocean t9 ih2 atassohere as the air 
flows southward over higher sa surface temperatures. Scene 
Wazming occurs in the middle tropospher?, and can bé associ- 
ated with the latent heat release due £9 convective activ- 


a ys The warming in the mniddle troposphere is small 
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red to the marked warming of the low 
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Gndicaces that the destabilizing effect of the sensible heat 
Basfcrer 1S dargec «han the stabilizing affect of latent 
Mieaeeaeiease in the middle troposphsre. 

ipoceme0e2t50 11 iseea es the hyirosca=:c >esoonse oF 
Ble eeePoOPpause Oh 2 temporal vatiations of heating and 
Seeling 22 the lewsr troposphere. Ta? tropopauss is indi- 


Pee emeyeecis Cedilon Of tight packing cf the isentropes in 


Sew Vert*cal, Art 12 GMT 26 January the trovopausa is at 


NO 


qs 


ta 


pe 
(D 


mb at both «he cr and outer radius with temperatures cr 


ww 
py 
iy 


315 SK a= that level. At 12 GME 28 Janie y 2e- polar low se 
mee =erand COld-core, ana the tropopeuss lowers +5 450 nb 


and at 295 °x. 


oe SUNMARY 


TovsummMaltzze ths mass budget and stability analysis, the 


iD 
Qu 
ee 


Follewing results are present 


Pe SS eo cre Ged Ehicki=sSS Of ejthe convergence layer 
meecoeases 17 Jepth Auring explosives development. Tha 
fow-Level convergance layer is centered rear 925 mb, 
Some sstetlow’ compared to the larger vertical ¢xtenct 
of the upper-level divergence; 

eetomiacsol2nt Tom is small in herizontal scale, ard 
undergoes areal e€xpansion GOnecwrecen< yw =k re pid 
deveicpment; 

e Mass budget, Kinematic and EGMWWF Smega fields reflec« 
= ee ee es in magnitude and patt2rn, however, eac 

thod produces velocity maxima at jiffersst lav4ls. 
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Meecwevesaged OnNega fisids at radius sigh® during tne 
early Popes. ods Vere ert luenced by 42° combina=ion o= 
“ae polar low and adjacent ancicyclones. See oe 
Be@eCesses 2S59Ci3st2d with cyclog2n<esis dominate che 
later time periods; 

Await ference of 6 -2om10 Me between air and ocean temp- 
@tatures is observed during the early development; 


Beeeeccacrbszaktiton “trend 1S apparent che oughout =e 
development and mature stages. Desvavee Za on Cleans 
Pome EODOSI)2LS PLLOF =O Tapid davelopmen~ is sSonsis- 

Pomemewe nh ame s2ceal studies by Sanigactnae (1921); 


Sea 2 = C St Spe Fa” pies ug LOue 
$2 observed 
in one stud 


> 4 
pyemocenes-s- | ally stapia 


Heiamesooes 1a che Lower aad middisc troposphs=? Papi Cac> 
eeoling during the early developmen: stage, and eonre- 
ciable Worthy With ene approach or the mature stage. 
PaemecOts ng P>=lOd 45 ius to strong ‘caesrnal aivecziv? 
Baocesses The watmiog at the Lower ee Veo eo 
ae 24 to sensible néat gain trom the gone 2 as tne 
polar low has moved southeastward over higner SSts, eae 
-h2 Warming at the, middl2 levels can be ee Wee 
the latent heat release due +o convective activity. 
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Vit. 


m  GiOovERAL 
Quasi-Lagrangian diagnostic absolute vorticity budget 
analyses were performed using PS3GE ECMWF data fields from 12 


GMT 26 January 


GMT 29 January. 


and continued 


The results 


awi2oh LCT emenrts “ens=cugs, 12 


of this analysis ar2 presented 


in this chapter end include comprehensive di 


terms of +he pa 


mM 


Beinetspal contributing Dp 


=22-20 


budget equation presented in Table V, 


Weruneaty budget results are illustrated using vee*+ical 
eumer sections supplemented by séslected vertical ovororiles. 
Budget volume radii are identical to those used in *he mass 
Proger analysis, with radius four and radius eight repre- 
Senting the inner and outer radius respectively Teme dee i= 
OBis denoted in the time sections refer te 12-h periods 
BecwWeen Synoptic times. Units and contour intervais for all 
ime secticns are identical for ease of inter-comparisoa and 
Bee mpre a tlon. 
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Pies *@ezcese 2a absolute vorticity ine the inne 


Bas Dudds= 
feum@e GUSIng @ period of Sxplosive deepening is illustrated 
DyeevecrciCal profilas in Fig. 31. As. 12 °Gt? 26 January, 


absolut? vorticity values are largest in the lower levels of 
the troposphere and decrease steadily with increasing heian= 
eo 450 mb. Paes rOelle mere ltlSec2s the initial sescuqhing at 
eee SWErace and «he weak ridging aloft, 2s seen in Fig. 6. 


Duting the fcllowing 48 h the polar low moves ‘ts the south 


and southeast which results in a loss St olan st any 
Bua tael= y. DeSpite "tals Megativ>e contribution, a siqniti- 
Sameminerease in absolute vorticity is sbsarved through the 
Bolum auring this tims interval. &t 12 GMT 27 January, the 
laraes+ values are still in the lower levels. How2ver, the 


aAzgest gains during the preceding 24 ao are found in tna 


middle and upper levels (600-200 mb). Snarp increases in 


absolute vorticity at these levels continues during the next 


(D 


24 h, and by 12 GMT 28 January, the maximam values within 
the innar budget volume are C3r ed near 300 mb. 


A veztical «ime 
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@ezG0n (Fig. 32) provides 
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Sspective of ths 
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P apid increases cf absolute ve 
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Within the inner and outer budge« volums:. Examination of 


7, 





free) 322 and 32b indicates that ‘the larger gains ir abso- 


a da 


’ 


ebeemmyO>ClCo ty Cclur 3% the radius four. Ma@2cl=onally, 
Seans as the radius eight ars slower to evolve, and the max- 
imum vorticities occur at later time periods. Steady 
meezedsesS in absclute vorticity in the inner budget volume 
Mimemonbscer vcd from 12 GMT 26 January to 00 GMT 28 Januery. 


The larges* rate of increase appears +9 be centered or 12 


GMT 27 January in the 450 to 900 mb layér, which correlates 


tf) 
cr 
sa 
iD 


meilt tspporally to the aporoach of «he 


B 


AtUrE Stage oO 


t s 
sy 
wD 
ty 
" 
oO 
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wemart low. ster 12 SMT 28 January slow decreases 
lute vorticity are noticeable as the system decays. 
The tine rate of change of the cyclone's absolut: 


Pes eC] -Y Within the inner and outer buigec volumes is vorea- 


fs2ed if Fidas. 332.20 G35 5. Tie ew saliemvont lcs: 7 Caaades 
Features discussed abcve are found in che *sndency time sec- 


Poems At Peaq:us Four, a distinct maxinmam iS present at the 
Biovmp levei in tha 2706 GMT period. This maximum suages=s 
Strong upper-level forcing during the isvelspment stage , 
and is consistent with the sharp increases in absolute 
reece ky ObSeErvyed in Figs. 31 and 32. The time tendency 


reverses sign after the 2806 GMT time period, which reflects 


*he decay of the storm in time. This negative tendency 
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appears firs= inthe lower tropospher2 due to friccicna 
Mmeie-Geo, anc occurs 12h later threughout the remaining <tro- 
posphere. A small decrease maximum is sten centered near 


emeegeo Mb Level duriag ths 2818 GMT period. 


ee LATERAL TRANSPORT 

mime Gea, tacerail =fanspor= of absolut2 vor<cicity az «he 
Mm Eosadius 2S presented in Fig. 34a. ieee eet ee Os. — 
PEMeconer ue 1on 25 centered at the 925 mb level ani 
increases in time threugh the mature stage at 00 GMT 28 Jan- 
ia Sy Beyond the mature stag2, an abatemen= of absolute 


Wemetemty tlhanSpcte OCCUrS within this lay2r as “hs system 


d2cays. A secondary maxima occurs between 450 and 600 mb 
mee nMgeene ztacid development beriod. Both maxima correlate 
temporally with the mature stage of tha polar low. A> ie 
Steer  cadius (Pic. Stee. wencemr Lanseer. SUC POSTS =n 
Sveton="s vorticity increase, however, this transport is 


Peover OCCULS ac later time perisis when the inner 
izrculatizon has already begun =o decay. 

The total laterai transport, as described in Chapter V, 

can be partitioned into mean and eddy aodés. Recall thax 


the mean mode repvresents «he transport of absolute vorticity 


rh 


Byeeenem= =fOcattOnel part of the wind, and transport into the 
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budget volume is a2sscciated with the m@an converger+ fics. 
Meme suay MOde represents transport of absolute vorticit; 
mieoeen= budget volume by the covariances of irnflow/ourflow 
and vorticity deviations, and arises fron asymmetries in the 
Pow about the cyclone. 


The separate contributions of tne mean and eddy modes to 


(D 


meme orc! lateral transport during a period of rapid intern- 
eeeeat2On a=j]2 tilustrated in Fig. 35. In «he lower levels, 


Ene] tocai lateral and mean mode transport curves are quite 


Bemeear, both in trend and magnitude. Above 300 mb, <h2 
total Lateral transvort is the diffference between the larga 
negative mean mode and the even larger positive eddy node. 
meme camo lar study of rapid intensification of 2 western 
Peewee OCGsn cyclone, Caliand (1983) SES Oe Meu Saas fhe 


mean mede doninates the lateral transport below 809 ab, ard 


hat Signiticart positive eddy mode ard negative mean node 
Boies eousicns are observed in the upper levels. However, 


wee omdl ba etal transoor: in the upper levels in the west- 
Saameeac= 2c Oce4n cyclone corréclates well to mean sods 
meer oport, = whereas the lateral trenspert for the poler low 


th the eddy mode <transpoctc. 
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uemeOwNce -COPCSphere arises from tne maan cyclonic conver- 
ment Llow. In the middle and upper troposphers, a loss sof 
apsOluts vorticity is observed. A bread minimum is céentsrada 
between 275 and 359 mb, and occurs at the same tine periods 


moo ne pOSSYivessaximun which it overliss. At radius eigh= 


( 


femoge 30D), there are simiiar, but weaker contributions, and 
+he maxima/minima are found at later tinss. 
The lateral divergence componsnt representing thea 


inner radius 1S presented in Fig. 3734. Tiss Ll Lassa 2 om 


ctr 


feeeersea Hasic two-layer regime with a broad region of div- 


ergence overlying a relatively = s? SonVvergenc= 9 Geqlon- 


ct 
a 
O 
DO 
WW 


The upper-level outflow and the low-level inflow maxima ar 


{) 


both temporally situated bétween the 2706 GHT and the 2806 
Ger time periods, ard are spatially located between thea 275 
+9 350 mb levels andat the 925 mb Level, rasvectively. 
mesa EMWatures seflec*t strong similarities =o ths horizontal 
mass fluxes within <+«+he inner budget volume described in 


Step ees VI (Fig. 233). The lateral divargance component at 


ct 


medic et ght (Fig. 37b) reveals @ similar structure <o tha 


seen at the inner cadius, althe@@gh ta] magnitudes sf the 
divergance and convergence ar2 much weaker. A weak diver- 


gence pattern overlies a convergence region throughout the 
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eeme Der10ocs., The convergence region strengthens duriag <he 


Mecer elMe Periods but <zhe values ere auca smaller than ia 


ero rstrong, Moles oEGamteed CONnVer gGencs layeSs ct =the inns: 
budget volume. The tempcral and spatial gain in aosoluca 
Pomercity through 2806 GMT in the lower troposphere is con- 
Sistent with the positive mass fluxes at the outer radius 
Veg. 25D) during the same time periods. Piss CVOlNq= 2 on) 2s 


anO=ner indication of the initially small areal scale ci the 
Beas 2Ow and its areal expansion soncurrent with the 


explosive deveslopmect. 


Cempazison of the lateral divergence (Fig. 37) ane 
she méan mode (Pig. 36) reveals strong similarities tamro- 
Eaily, spatially and in magnitudes. These pazieds of dis- 


Seeecewonricw cfr absolute vorticity in the lower lsvels and 
SerasesD 2 Gin Gipelowealete me COCreG as “WLan ESaptd psfessuzs 
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2. Eddy Mods and Lateral Advection 
Me eddy @ode corntribut foo eke coca. Laevezal 
Geemeeors 1S preseated in Fig. 384 AS in previous budget 


Seeiyee see ust lati.Ons, it is clear hat the inner radius 
(head. 38a) budget reflects the dynamics and ohvsical 


processes involved in the rapid cyclogen2sis, and that theses 
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Be@Ges-eS 22 fhe outer radius (Fig. 38b) aa os edas = 
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Bomeene ZNCOCLECTation cf adjacent synoptic scale ‘fsa-ures 
inzo the outer budget volume. This occurs because of *+h2 
smal) horizental scale of the polar low. 

Pome omicen OU (F=g. 8364) thers is 2 sligntiy neg- 
meeye GOntr:butien from the eddy mode in the lower <repo- 
eemere. However, in =h2 upper troposphere there is a strorg 


positive maximum center 


wD 


d near 350 mb, specially beixween 


Mme 2706 and 2718 periods. Eat 


™ 


corr2sponds to the time 


p2ricds of a jet streak incursion iato the budget volum3, as 


d2scribed in Chapter IV and amplified in Appendix 8B. Add:i- 
meeoraliy, «ne tlergest SLP falls and circulation increases 
are okserved during this tine interval. Beyond this +ime 
meme eddy mods contribution aloft diminished with time, and 


cr 
ie 
(D 


polar low began to decay. 


The preserca oof an eddy mode maxinum in the upper 
Meere, and 1tS temporal relationship to periods of >apida 
meee tetis and vigorous SeGRheases ooh  SUtreace cyeClon=c 


Srrcecula- on, clesely agree with similar findiags by Cailand 


Giteeneeee> his Study of a zrapid cyclogenéesis in the western 
Porct gre Ocean. Wash (1978) emphasizes the significant role 
Semedavemode transports in cyclogenesis, and suggested that 
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Pew@retirmaccd Fine Mesh (LFM) forecasts of several nidwes- 
Seevenes resulted from an inability to srasolvs accurately 
the eddy mode transports in ths model. 


Bieetdeerer Aadavec tion O5 absoiuts VoOrsicicy for both 


the inner and cuter budget volumes (Fig. 39) snow S2>ikang 


Similarities to the eddy mede transport (Fig. 38). A= tne 
Pener sadius (Fig. Seep ete Ma kiuUn In poste ve vO=stic27y 


ct 


advection (PVA) is temporally and spatially coincident with 


me Maximum seen in the eddy mode transport (Fig. 38a) in 
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m~emipeer troposphere. Additionally, concen 
around these maxima are almost iderticéel in magnitudes. This 
Brows <fac the upper-level PVA results from advecticn of the 


Meacibedage shea> DOlsward cE the jet streak, and that the jet 


Steak incucsicn int the inner budget volum2= is the dcomi- 
nant eons =seous OL <= upoer-level absoluce Vora Vert y. 
increases. In the lower «troposphere, DOwiwwe> Le tetal 


} 
< 
(D 


advection and eddy mod¢ transports reflect negati 


Wr@eterty advection (NVA). 


D. Weer heal REDISrTRIBUTION 
AS presented in the previous section, significan- abso- 


ice avon. 1 Ci * increases observed in tha lower troposphere 
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streak into the budget volume. mys SssCrtormew. ls 2251 oTre 
eee meee 86CL €CVertical © readistribution of absoluts yvyorticity 
meet coe Lower and upper levels of the tropospher2 intc the 
middle levels, where the larger gains 2re observed during 
BeeaeaDtens: fication (Fig. 31). 


Piemeeyestical redistribution cf absolute vorticizy is 


Pemecseme ed ihn the partitioned form cf ths vorticity 2qua- 
eeeme (table V, section B) by the divergence cf tna vertical 
Bees DOLt . The divezgence of the vertical tzransvort ise 


vertical derivative of “he transpert batwsen pressure lév- 


wD 
i" 


peweiech was computed using the kinematic vertical velcci- 


m™EeoS. The yvereical-time section of the divergence of the 
Teeeecel “ransport is presented in Fig. 4). Ace!) Sa ive: oh Dew 
Teeeeecr (ig. 40a), a two-layer circulation is d¢picted with 


moromeme-ansocrt of absolute vorticity from the lower levels 


inte tre middle and upper troposphere. A maximum region of 
Pemeeegonce Of the vertical tzranspors cccurs between the 2718 


and 2806 GMT +ime interval, and is spatially centered at une 


925 mb level. This maxima naturally corralatss well with 
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she period of maximum vertical velociti 
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meg. 2]. COUVvecectCopem ensolUute VOTti Cin 15 nOticsd in 
She middie and upper levels throughout the time section with 
a maximum located at the 350 mb level during the 2806 SUT 
pec Od. 

Meeeis OWter radius (Fig. 40b), a more compiex paetctern 
25 seen. Tt 28 apparent that adjacent synoptic features 
dominate the larger volume until the 2718 GMT period. after 
Peo scmeeme period, an woward transport of absolut? vorticity 
trom the lower levels to the middle troposphere is observed. 
The values at this outer radius are significantly smalier 
DtemeenosSe ObServed at the innir radius, and occur at later 
zone DeLZoOds. 

As was the cas2 with the lateral E2nSspore ters, =ne 


SOns pOetecal. Do Pabe te aonsd Lmeo 


she more traditicnal vertical advection and divergence con- 


pone nhs . The vertical divergence component is the negative 
Peeene Oo veagence GComponens, cf the lateral transpost so *thsy 
Seeetee £2 SdDatizi and tamporal variations in the vertical 
divergence component are presented in Pig. 41. A cCUDSOZY 
inspection of Figs WO ward U1 sei@eicates. shat the vertical 
Peegence component is *+he principal contributor +o the 
G@2vergence or the vertical transpert, and this shows thar 
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eeeeea! advecttor sf absoluce vorticity plays a reistively 
Oivemportant role. PXo ho newer Os wn ci> Vertuca:  Aaayectica 


Memeonen= (Fig. 42) at the inner radius markedlv reflisc-s 
emits. gnuificant contribution +0 cyclone davelspmen-. 
Peues in the outer volume were t00 small for azraphic:l 
g@spiction. This dominance of the vertical divergencs compo- 


Meier the vertical redistribution of absolute vorticity, 
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elatively insignificant role of v 


iD 


Ree edd Vo Gay Oar, 
BoSee Wl =h (findings by Calland (1983) in his study of 2 


westerr Pacific Ocean cyclene. 


Be SOURCES AND SINKS 


In th 
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Maeno ned atOruMuon the YOrreenety budge: 
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Maple V, section B), the source/sink ¢ 


(D 


rm is CCnprised of 
meemene=azontal divargence, tilting and fricticn terms. The 


Hoe2zzZental divergence and tilting *erms can De sources OF 


eis OL VOL TLCItY, Sideen= Keteteon teen 1S “Only 4 >-sink, 
meteon (1979) states that the genaraticn of absolute 


eect crey by horizontal divergence is the fluid analog of 
miemeGrange in angular velccity, which results from a chéenge 


in the moment of inertia when angular monertum is conserved. 


itmosmeyecuy 105izZoOntal divergence exists and ciznculaztion is 
Boo eerrvog, ~ne ate; enclosed by tne parcel #iil increase and 
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ene ebsolute vorticity must decrease. Seieaciyy 2 2ealor 
PepGmmmono- 1 | CONnvergence will genezats absolute yorticizy 


when cirtculacztion is conserved. Rae LON ALL ys AOL -on atts i= 


but¢es tne verti 
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Meeezereatily oriented components of vorticity by a pren- 
eis teem Vescical moticn field. 

The horizontal divergence referred to within this sec- 
mewomesS 1dentical to the divergence component cf the lateral 


meam@opor. Cr absolu=s vorticity previously discussed (Fig. 


ey). A region of strong convergence is sean in the lower 
mayemeaeet f£aatus four (Fig. 37a), and reflects significant 
Maeronts VOntiClLey generation within <he lowez troposphers. 
Somme ’eniy, <=he broad civergencs regicn centered at the 359 


}4- 


C 


fu 


me level contributes <9 signifi + negative vorticity ten- 
Meret cs alott. Ths maxima in low-level vorticity generation 
Men cemeortally centered near the 2718 GMT time period, how- 
Ses, = c texXemuin CONnt=epuTlLOmeereomupper-level vyortxicity 
@=cre@ases cccurs i2ter during the 2806 GMT period. Similar, 
Bat Weaker patterns 2Kist at the outer radius (Fig. 376), 


and occur at later time periods. 


io aruMcoluevOmricaty generaticengdauce <> the tilting tera 


Dp 


Gag. 4 3) Revs “ateeeUninponptant col 2 pees sec l Che 
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development. Oniye) SMeletosses of absoluce Me -icizy 3- 


af 


meerus f£OUL are noticed in «=h 


(D 


middie trovospher2 (699 mb) 
between the 2706 and 2718 GMT periods. Values for tha <ili-- 
ing term observed at the cuter radius are neglibl:, and an 
mimmiesceat-icn is not included. 

Bue negative contributicn, or sink of absolut? vorticity 


Within the buddaet volume, AWemecOms LPict ones ce Caelenltoea) 


using a stability independent parameterization (Johnson and 


Downey, 1976). Phase diss p2tien » cf absolute vyorticlcy 
Within the lower layer of the tropesphare is illustrated ina 
pmeevoe The influence of friction is confined to the laysr 
below 775 mb, ance 2s 4a Mere dotinadn= I2ature «a5 2h] inne> 
volume (Fig. 44a) than at the outer voluae (Fig. 445). A 


cr 


Maxa@um im frictional dissipation is observed at the 925 mb 


Devel, and occurs between the 2806 and 2318 GMT petisods. 
Memeetcliy, this correspcends to the baginning of che decay 
Gyerc Of the polar low and subeequent tises in central 
pressures. 

jeewscic=tonal dissipation of absolute vorticity has a 


Seweae retarding effect on ths lateral cransport processes 
in «he lower “*roposphere. Boece kemous, ~Neesotal Lateral 


scansport (Fig. 34a) between 2718 and 2806 GMT has 3 maximun 
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10 _-2 


vemiicwof 12) X 10 S centered at 925 ah. The *£ricticnal 
dissipation (Fig. 44a) CaeGmba ccd 295 he Same =ine o=ri04d 


10 X 19710 a on Sot ea ci 2on. ce 


and level is approximately 

mmoIse ODPCSing “endencies yiecids a net effective l2teral 
em asy va -10 -2 rae ~ fey ne 
BeeyepO== Of only 2X 10 Ss : Pie So som- estou ona 1 
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S ciearly negate to 4 considerabls 
femeec the Otherwise quite Significant sontribution of the 
Meee mceecuanSpOrt 3f absoluts vVOEticity. eo ee ae LO here 
effects in the midils and upper *roposphers, howevet, are 


PiSoWesctene tO efrikse: she vorticity generating méchanisns, 


and allows wor2 rapid incr2a 


qi) 


SSieum ss absoluce VOL TL Soucy. “2c 


*hese levels. 


(b 


i. Rese UALS 
MebciCizy cCWddget residuals arise from interpolaticn ani 


@emeeti cn <Gtrors, aS well as from unz2solved physical 


Pm@Geases Nor 2ncoracrated into he vorticity budget equa- 
2. On « The residuais serve to mzasure the integity cf «he 
foe eter=y budget calculations. POs=tav> restduals indica. 


PVGMeeIeilemn cxcess, OL VOEtICity that is aot accounted for 


DVO EmCcateelecl Ons Wath theseresen= data set and this for- 


ct 


Gieeat@one or cone physical erocesses (¢.Jg. he parameteriza- 


Seno: the £xictional processeés),. Sicela rly. negative 


9) 
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vaiues indicate smaller values of absolutes vorticity «han 
computed. 


momma ceuc four (Figs 45a), a complex patte=a of residu- 
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S illustrated. In the upper levels, a dual-canter max- 


ima is located near the 250 mb level. A similar p2%? 
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the upper troposphere was calculated by Calland (1983) 


ry 


mivamnge a period of rapid intensification of a western 


Peacir2c¢ Ocean cyslons. Calland suggested that these 
excesses are the result of improper representaticn of 
intense mesoscale convective activity, and a@ subsequent 


MemeerestiMmatson of vertical redistribution precesses. ig 


must be roted that it is extremely difficult to isolate spe- 


Gime c G2useS fet the residuals within the budget volum:2. 
However, misrepresenctation of mesoscais convective activity 


ct 


BemMeenscoa  Olaucible explanation for the vorticity 
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Seeebved 29 che UWoper troposphere and the deficits observed 
act middle levels. No appreciable residuals aré observed at 
mueomeuee: Yraditis (Fig. 45b). 
Ge SUMMARY 

iemolmee-2 Of this section is to interselate many cof 
the processes discissed in th? previous sections. The sun- 
Meee ene vorticit budget, eney £5i owing results are 
Noe a: 
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Tha mean convergent fliow (mean ano4d8) dominates tna 
Boca Laceral transport oselow 6800 mb. However, this 
Moweevece lacotal tfanspors of absolute vortic:ty is 
So eaayeonmi Se. bY Exierioneal dissipation of vertici~y; 

Significant lower tropospheric 7TOHsehuee VYorricl sy 


trcreases were shown to occur primarily from the source 
divergence term; and 


Mie Ve=ticeal divergence component of the verrzical 
PueoDOLs Io mhe Plimary mechenism in the trensport of 
coeeeeneo VOoue.city from ths lower isvsis zc ~he nidcle 
and upper ievels. 
Upser Eroposohirs 

Meiers "epsd increases in eabsoluts vorticity occur at 
eee Git 2m the 250 £5 300 mb layer, which correlates 
well to 2 period of rapid surfac2 pressure falis and 


Peyorous Circhla=ion inereases; 


Eady mod transport and PVA transpor= compoaents are 
or Cee eecOMer  picors Of abSciuce vorticity in ths 
Upper teveis, and aze associated with the incursicn cf 


a jet streak into the budget volume 


Upotz tropospheric increasss in absolute vorticity du¢ 
TOeje.  Sereak propagation into the budget volume and 
Mom aceal redistribution B@Gessos DELiSSce the Scrorgly 
Peigecave COncSLDUELONS St upper levsi divergenc:; 
Gaseetaeges. SU=taece pressure falls and circulation 
Maer easoss ase temporally coincident with the sccurrence 
oz the eddy mode and PYA maximum; ani 


Poiomecddy miocs and PVA Ccontsibution alof= diminishes 
Bie WeGecelusion and the polar low begins te f£:11 and 


decay. 
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VIII. CONCLUSIONS AND RECOMMENDATIONS 





Dynamical and physical processes involved ina rapid 


tntensificaticn cf a polar low were invastigated using qua- 


Si-Lagrangian diagnostic techniques. Specificaily, mass and 


psec SvVOrticity budgets were calculated for a North 


m2 elds. Significant budget features were 


ete polar low utilizing ECMWF FGGE level III-b daxa 


‘ 
oe 
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Sge2rctaztec +0 observed synoptic patterns. 


The fcllowing key results are preséatei: 


fWiomenec. Ppien: cyclone GeNeT ORS within a low level hbaro- 
clinic zene Puce each Sea-surface tamperature gqradi- 
ent. Noumeoceecczable Mid=level positive vorticicy 
advection was observed; 


Paesdt destabilization of the lewar troposphere pre- 
Coes detapea eesnSification is 2ttributed to strong 
ieoweerec vole caavecr,609 Of Cold alr over Fttiatively high 
Sea surface temperatures. Mie. ~s=silteng Low Szatic 
Sees es and éohanced Pome level baccoci.nl=y suovort 
a Shift cf maximum gtowth rate to shorter wavelengths, 
Seem paescr= bed in theory. 

mie polar sae 3S SHitisity saail in horazontal scales, 
Sieweundeseces areal expansion concurrent with rapid 
devalopmnent; 

papa ectatacs So cslnoy ta omen vy GOrOusS Circulation 


increas?s correlate well with +th2 0 served ak laa 
low level inward mass transport and upper level mass 
Guz: Wem: 


Mean convergent SUOMeCOeMa eo omanescocal tacertai trans= 
Poa of absclute vorticity below 80) mb, howaver, fric- 

Lema ls forces seriously ratard this contribution. The 
more si gnificant Gees te town tevel absolute vorticity 
OGeur Paahacily from the divergence source teri; 


The most rapid observed surface prassure falls an 
circulation increases are coincid2ant temporally wi 
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Poe gmcursion cf «he forward divergence o(PeVaI ears ee 
Hoey ooeak 32n7Oo the budgst veiuns Peoria ei. 2) 
Sige OUtiOk Jf Sasar vorticity, combined Ween Vez tical 
Bor Str bution of absclu<e2 vorticity from lower levels, 
offsets the strong upper level losses due to diver- 
gence; and 

e An oscillatory *enpexraturs Cates with et We ait 
ng and cooling regions below 350 mb in =the 096 and 18 
GMT ECMWF analysis was discovered. 

Recommendations for further research: 

eee ne= 2fFcr=s Sheuddibegmede to isolate the diabatic 
ee EomeakULTCES SUGnN aS Sensible “heat tiuxes 
Pagowudgn =he air- Sta intarftace and latent heat release 
due to conv ZOOL 

free ecac Clemet ological study shoulc be conducted to 
gain more corzclusive Soe ce lens becween jes streak 
Spor pOs.-cioning and rapid ritim2 cyclogenssis; an 

ewe InvVeStigerion should be conducted “nzo the 
Seer 2arory nature of the ECMWF FGSE temperature analy- 
Sac. 
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APPENDIX A 


FGGE DATA RSLIABILITY 
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Major inconsistencies discsvered in t 


th 


CMWF FGGE temperature fields precluded 2fforts to study the 


time increments. PTnervetazsa, OLD 


Se 


muouvang Cyclone in 6 
mass and verticity budget analyses (Chapters VI and VII), as 


an Cha 


(D 
flu 


Weel as Synoptic illustraticnrs refer 
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ol 
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ct 
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memeenpsspatred utilizing only the 00 and 12 GMT FSGE data 


ec ilds. These data were found to b2 suitable for this 
research effort, and nod major discrepancies were noted. 


mae, 06 and 13 GME data problem wis first discovered 


during analysis of the 6-h area-averagajl potential tempera- 
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cememcoolLing «below 350 mb, especially at the inns: radius 


HGecdoa). FClLION9ing the inner volume 275 and 280 Ox isen- 


oa, 
Pry 
} 4 


mecpes WOuld suggest spuricus varming at 2706, 2718 and 28618 
Pmeneomasspersed With periods of rapid cooling at 2806 ard 
2906 GT. Other incorsistersies are s€sn throughout the 
Pieeeevolumne Fane section, bu= perkheos the most glaring eavi- 
Cence of erroneous temperature jiata is suggested by the sud- 


dan warming near the 450 mb isvel at 2906 GAT. Soni tas 
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Wavelike patzcernms of wazming and cooling ere s3en ian th3 


eee cee VOlURCE (Fig. 46b), and are particularly evident in th 
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Somporal variations of tne 275 and 295 Oe isent ropes. 
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Be pl aus: ol 
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chysical explanations for these undulating 
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<shermal tendencies from the synoptic vatcerns. 


It follews that the 06 and 18 GMT data problem will also 
lead to a Misrepresantation cf stability tendencies. This 


% 


misrepresentaetion is clear when comparing the 5-h stability 
mmoe@em(rad. 47) to the 12-h trase (Fig. 29). The 6-h trace 


Suggests a wmarked stabilization from J) GMT +0 06 GMT 28 


Janwany , rollowesid by an equally strong destabilization 
Meeeea Over ~he sexe 6 4h. Simetaply, 26 anomalous pat zern 
pemeeeoord Sctabilizetion and destabilization is suggested 


meeeageene 00 =o 12 GMP 29 Januagcy p2erioi. 
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Thes2> problens Meese a Veh the 26 and WeecMNt data 
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1 CO 


Premera “me deezsicen £0 employ 4a 12-h time increment £0F 
bimege-sasalyses, <herzspvy eliminating ths 06 ard 18 GMT data 
Peaevwecmem@ TOM ens Dudget calculat:oms. However, a 6-h 


Voreteetoyenudget Was run te document ths impacz of ths erro- 
Beots d2ea Of Dudset fortmuiations. Clear escet a= the "6—h 
aecOMmMEoVOrcIGc.ty cime tendeacy (Fig. 48a) to the 12-h time 


*endeéency (Fig. 33) reveals some similarities, but che «trends 
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Pteeaes CVelLdent in the 12-n volots are obscursd by 


Sscillatory cconponents in the 6-h plots. Gace i1¢ 
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wees O65 anc 18 G4T data ints budget calculations has cre- 
pee a Cneckerboard patt2rn sf absolutes vorticity gains 
(maxima) and losses (minima) in the 6-h time tendancy. This 
pazcern by no means accurately describes the volumetric 
Gains/losses of absclute vorticity axpected in this study of 
@ rapid cyclogenssis. Sala larly, vam OSs: Llatosy DItcerr Bs 
Soeerved 2n the 6-h budget tesiduals (Fig. 43b), where 
Peeemmatang periods cf vorticity excesses and deficits ara 


Seen chroughout <hs tin 


i 


See Ou. A eeSisguel patzern such 
as this in the buigezt calculations and analyses has 127-712 
SePdibil:i+y. 

Meee 2nvesSti gation was Conducted <0 determine a Ddeos- 


Beeo eeGeulse Of the semperature Dias at J and 18 GUT. There 
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ew temperature observations in th 


moive henOr th> <{tcossphere due t9 the following 
@emiioesew2ncondS soundings, which az2 only released at 00 
and 12 GMT; 
uprctctmcreastcuatt TapCE<s, Since aizsrer. normally trern- 
Seeeee Noe h Atlantic at nuch highs: altitudes; ani 


Merictimersaqaure soundings £29m polaz otbiting satsiiites 
ace sparse and intermittent. 
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, only a few camperaturs cbsexrvations are 3iva:; 


rs 


in che lower na5mcddl> =souosphers as input £060 adjust che 
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First guess fromthe model. Calland (1983) ani  Paeglie 


(1983) have also documented 2 FGGE temperature bi 
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upport *o c=he 96 and 18 GMP temperacure inconsistencies 
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Sreounes tea in this study. 
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APPENDIX 8 


JET Seeak ENITERACTION 


Bsedesczibed an Chapter VII, an inasr volume maximum in 
eidy mcage transport (Fig. 38a) SCCuLSwan che 290° 6e..5 00 nb 


Meyer, atid correlates well to rapid surface pressure falls 


and vigorous circulation increases, Adis Oncabiy 4. foe eddy 
Meae transport and ‘he vertical redistribution processes 


Meese: the Strongly negative contributions érom upper level 
divergence, and thsreby enhance the developnerz of the volar 
[ewe 1O fLUSznHeEer investigate the fundanent~al role of upper- 
Meret f£o°7Cing, 2 nore detailed analysis of the 399 mb winds 
and isotachs was veriormed. BDececray Bete eonciod 2S given 26 
Dmemetoe> oeSit7oning of the jet streak Faatures in relation 
memene evolving polar low. 

Pete Git 26 Januaty, the polar iow is a shallow depres- 
Peeomeroce ca immediately to =the southwest of Iceland (Fig. 


eee aa ysis Cf 300 mb winds and iSotachs (Fig. 492) indi- 
ea-2S Straight, NOT ecco OM OVes) tho 2ncipl en 


eeisore ana 2@ 4) g/7/S jee StrSek Upsefsam across western 


Greenland. By 18 SMT 26 January (Fig. 49b) the leading edge 
Pecos je= S-reak extends to the southeast coast of 
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Beeeoreanma, end a decrease in horizontal iistance between the 
Peereeece bOwW aha ch> jst Streak 1S noticsd. This avnproach of 
the upper level jet streak is also reflected in significant 
increases in eddy mode transport (Fig. 38a). Dil Seedeee nS 
rext 6h, the jet streak continues to propagate downstrean, 
seeameeyeo0 GUT 27 January (Fig. 50a) «he naxinum is over ths 
22st ccast of Greeniand. 

Diweendmene period Erecm "2 -amr 26 January <o 00 GUT 27 
Meeeteey, the suzface low has evelived a closed circulaticn, 
and has experienced a 11 mb decrease ln cantral pressure 
faerg. 10c). The ensuing 12-h time period marks the nest 
Meemertc Central otessure falls (15 md) and circulation 


increas2s. Pago eseobalny a Gaia Lk pOSLELVE vorticity 


= 


Bemteeney  CCCUuLrS in the 250 to 300 mb layer: (Fig. 33a) during 


eOic <i interval. This can be axplained hy the rapid 
SegeiGace CL ~he jet Stzseak and, consequently, 2 strerg eaqdi 


Mogtemecaa2srOr=t Of absolut=S vorticity in tae upper levels. 


Byeuo Gm 27 Januery (rig. 50b) the jet ees COs. Soc 


ry 


= 


9h 


o~ 
a 


W) 


Bomb GoPacat= Eapidly to the south- southeast with che polar 


MeaweeOoGa+eaq oelow the left front quadraat of the jet streak 
aoeeches tins. thee SteOndeeyeloraGc. shear and divergence 


5») 


associated with this quadrant enhanc2s mass comparsation 
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O@egeLeassd Vertical velocities) from lower levels, which is 
Sersetstce* with the surfece pressur2 falls. Syme te ot 27 


= se 


January (Fig. 5te) the strong polar low has moved in a more 


iD 
ty) 
in 


terly directicn away from the jet streak, however, sub- 


N 
qt 
pv 
i 


j-) 


tial upper level cyclecnic shear aloft is still observed. 


t2 


Epeelo Gir 27 January (Fig. 51b),. the polar low has con- 


eeruead to move «=c the east. PeESOCclae LOW tes OCCLUCITS a2 


upoer levels andthe corresponding abatement in eday mode 


MeemesOOr. Of -|ebSoluts vorticity “irto the upper ticpospherte 


t- 


(Fig. 38a) is oecbserved beyond this tine. Ghee GOs 2s.) 1o x 
Matures znd becomes vertically stacked (Figs. 15 and 52a} by 


Womame 23 Januazty. Beyond this tine period (Fig. 525), the 


Mewar tow drifts to the sast 


sv 
uy 
Pu 
wu 
aD 

WQ 
jk? e 
ra 
U) 
ct 
O 
fu 
(D 
Q 
re) 

b~§ 
& 


82 








AFPENDIX C 


TABLES 


TABLE ff 
peebas Arech2ved in the ECMWF Level III-b Data Set 


(From Benagsston, 1719382) 


Z J V T W 
10 mb x x XK Xx X 
20mb x x is K x 
30 mb ie Xx x ie x 
50mnb x X X x xX 
7O0mb x 5 x X % 
100mb ne xX x x X 
150mkr X X x x x 
200mb i x i x x 
250mb X x x Xx x 
300nb i x X x x 
400mb i X X xm x 
500mb x X x x x 
700méE x % x i X 
850mb x x ™s x x 
1900mb i x x X 
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TABLE 


Previous QLD 


(EXtEs2Ct odin part 


PROPERTY 

Available potential Energy 
Sereulaticn 

Aes S 

Absolute Angular Monentun 
Kinetic Energy 

Absolu*s Angular Momentun 
Mass 

Mass 


Circulation and Argular Momentun 


Meiss sara Circulation 
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1g 


Szudies 


from Wash, 1978) 


eee GP eR GP Ge ae ae ae aD 


Spaste 1974 

Wash 1975 

Jchason and Downey 1976 
Johason and Downey 1976 
Chealand Bosars 1977 
Wash 1978 

Roman 1981 

Tallnan 1982 

Sonane 9G 2 

Galland Was 


TABLE Lil 


Generalized Budget Fquacrio: 


B 
| a sin8 dadB (-dp) 
Q 


where F is the volume integral of the desired budget property f. 


The budget equation is 


f 
6F 


al er et VEPs sick) 


where the lateral transport is 


100 mb 21 
f Pa | 
LT(F) = | | ee ae frsinB da(-dp) |. 
1000 mb QO 


and the vertical redistribution is 


100 mb Bae 


oD fi 


1000 mb O VU 


oq [Fr 


a 


(wt) Bc sin8 dad8(-dp) 


The source/sink term is 
100 mb B 27 


; tee ; 
S(F) = | | | a r sin dad8(-dp) 
1000 mb OU 0 








TABLE IV 


Mass Budget Equation 


(Afters Wash, 1978) 


The Definition 


mae | : 2 she8 degli 


V 
Pp 


where f =1. 


The Budget Equation 


a= LT + VT , 
dt 
where 
Lateral Transport 
Np 21 
1 
=- = C= Lt da 
Tale | | (U W) r sing, dp Ie 
Np J 


Vertical Transport 


8 2m 
1 are 
VT = | = (o-w,) r sin8 dad8 2 
Q Q 
where 
dp 
“ = £p Oo 0 
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TABLE V 


Circulation Budget Equazion 


(After Wash, 1978) 


Section A 


100 mb 
1 
= | [ ae “ sinB dad8 og dp) 
1000 mb 0 


where oe is the absolute circulation and Ga is absolute vorticity. 


The budget equation is 


6c =’: 
ane : 
oe 7 LIC) + DYT (2) + s(@_) 


¢ 


where the lateral transport is 


100 mb 8 i 


1 ; 
| | Zz (U-W) , bar sin8 da (-dp) |, 


1000 mb O O 


Ee, ) 


and the divergence of the vertical transport is 


B 2h 


190 2 
| | mee (a) cy Euesine acds .. 


0. 606—O 


DVT (Z _) 


The source/sink term is 





100 mb 
ee) = | | f ee eee dad8 (-dp) 
1000 mb O 
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TABLE V. (Cont) 


a 


Section B , a 


The partitioned form of the vorticity budget equation is 





‘5(C_) ae aa | 
se = +17 (,) + - pvt 7) + | Sa(ce) 
| —_——, vertical vertical 


mean mode eddy mode divergence advection 


| divergence tilting frictional 
horizontal horizontal  -— ae term term dissapaclon 
divergence advection : 


The above partitions make use of Stokes’ theorem 


A 


and the division of total flux (U oC.) into divergent and advective 
components, - 


WE UAT (WU) + UTE. . 
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Phebe Vi 
Mean ard Eldy Modes 


CAGES kee Conan t,. 1982) 


100 mb 21 
jl 
CG = — [x* = : = 
EM ( -) | { a cx (U Wp r sin8 da( dp)l, 
1000 mb V 
100 mb 21 
E eo one 
MCC.) = | 5 C (U-W) , , Sing da (-dp)| 
1000 mb 0 
100 mb 27 
_ 1 es 
ee. = | : ome eo da (-dp) |, 
1000 mb O 
100 mb 21 
_ 1 58a : a 
m1i(G_) = | ; - gu W) 2 r sinB da( dp) |, 
1000 mb 0 


FM is the eddy mode and MM is the mean mode. 


oi 
a 
Note that ( ) = a ( ) do 
0 
* — qa . 
and ( ) =¢ )- € ) is the deviation of the property 


from its mean around a lateral boundary. 
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